Direct injection of plasmid DNA into the skin induces dermatitis by activation of monocytes through toll-like receptor 9.
Direct injection of naked DNA into skin can be efficiently used to transfer genes into keratinocytes in vivo. However, bacterial DNA is known to be a potent stimulus for vertebrate immune cells and immune systems. Towards the clinical use of this method, this study examined whether the application of plasmid DNA by direct injection induces any adverse skin effects. Several plasmid preparations were prepared and directly injected into rat and human skin. Migration, IL-6 production, and reactive oxygen production assays were performed to determine the type of the primary cells responsible for the reaction. Involvement of toll-like receptor (TLR) 9 was examined by experiments using TLR9-knockout mice. Injection of several plasmid preparations into rat and human skin resulted in an inflammatory reaction at the treated site. Contamination by endotoxin in the plasmid preparation was shown to worsen this skin inflammation reaction. Immunohistochemical analysis showed that the infiltrating cells in the skin lesions were predominantly monocytes and neutrophils. Further experiments examining migration, IL-6 production, and reactive oxygen production indicated that the primary responsible cells were monocytes rather than neutrophils. Since it was recently shown that cytosine-guanosine dinucleotide (CpG) motif is critical for immune reaction induction in bacterial DNA and cellular responses were mediated by TLR9, we injected plasmids into the ear skin of TLR9-knockout mice. A decrease in ear swelling was noted in the knockout mice, compared to controls, suggesting that plasmid-DNA-induced dermatitis was mediated mostly by TLR9. This study demonstrates that injection of plasmid DNA induces skin inflammation initiated by monocyte activation via TRL9. We should therefore attempt to counteract this dermatitis during the clinical use of the naked DNA injection method in skin.